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Abstract 
This paper investigates the dynamic change of water area in Pearl River Delta during the past 20 years, including 
river, dike-pond and other water, by comparing spatial-temporal changes with reference to the literatures. We used 
image classification and object identification analysis of TM in 1990, ETM+ in 1999 and SPOT-5 in 2008 by ENVI 
and ArcGIS. Total water area increases from 4693.1km2 to 5355.7km2 from 1990 to 1999, but decreases to 
4636.2km2 in 2008. River area falls from 1990 to 2008, and dike-pond area keeps rising only before 1999, after 
which it declines. The decrease of water area is mainly caused by human factors. The rapid expansion of industry 
after reform and opening-up to the world outside is the primary cause of dike-pond area reducing from 1999 to 2008.  
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 
Keywords: Water Area, Spatial-temporal Change, Remote Sensing, Dike-pond, Pearl River Delta  
Introduction 
Water area is one important type of land use/land cover. Water areas such as rivers, dike-ponds are part of 
the wetland, which are important natural subsystems that possess many ecological and social service 
functions. Pearl River Delta (hereinafter referred to as PRD) is adjacent to South China Sea with intensive 
water net and branches, characterized by tracts of dike-ponds. Being next to Hong Kong and Macao, and 
the pilot testing land of China Reform and Opening-up, this area has developed significantly in 
industrialization and urbanization during the past 20 years. It has created the unique “Pearl River Delta 
Pattern”, and become one of the three urban agglomerations with best potential in China [1]. However, 
the fast development of PRD has meanwhile changed the space pattern of land use/land cover remarkably, 
one of which is the spatial-temporal change of water areas. The decrease of river and dike-pond has 
impacted on not only rational development and utilization of water resource, but also environment and 
sustainable development of social economy. 
In this paper, we chose PRD as the sample to investigate dynamic changes of water area during the 
past 20 years, and analyzed the causes of them preliminarily with reference of related literatures, by 
comparing water area information extracted from different periods’ remote sensing images through 
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geography information system methods.  
Introduction of District to Be Investigated 
PRD is located in south-central Guangdong Province, downriver of Pearl River, adjacent to Hong Kong 
and Macao. " Coordinated Development Plan of PRD Urban Agglomerations (2004 ~ 2020)" states that 
Pearl River Delta, namely PRD Economic Zone, includes Guangzhou, Shenzhen, Zhuhai, Foshan, 
Jiangmen, Dongguan, Zhongshan, Huizhou midtown, Huidong county, Boluo county, Zhaoqing midtown, 
Gaoyao, Sihui, etc. [2]. 
PRD is a subtropical monsoon climate zone with abundant heat and rainfall. Average annual rainfall is 
1600 ~ 2300mm, and maximum 2250 ~ 2850mm, minimum 1000mm, of which the flood season (April to 
September) rainfall accounts for 81% to 85%. Average relative humidity is 76% to 83%. There’re 
intensive water networks centered by Guangzhou at PRD, penetrating into more than half the province's 
region. Numerous of hilly ponds, reservoirs and fish ponds provide favorable condition for fish culture 
and also bring rich aquatic resources. But ever since reform and opening-up in 1978, with the rapid 
development of urbanization and industrialization, land cover has varied significantly [3], which also 
leads to changes in the spatial pattern of water area.  
Basic Data and Research Methods 
Data. In this research, the reference data includes remote sensing images, vector maps of Pearl River 
Delta region administrative boundaries, river maps, Statistical Yearbooks of cities within Pearl River 
Delta, etc.  
Considering the frequent cloudy and rainy weather in south, images were taken in winter at similar 
time phases, in order to ensure that the extracted information of water utilization is accurate, reasonable 
and comparable. As seen in Table 1, remote sensing images used in this paper are Landsat5 TM 
(1990.10-1990.12, 28.5m spatial resolution), Landsat7 ETM+ (1999.11-1999.12, 30m spatial resolution) 
and SPOT-5 (2008.10-2009.1, 10m spatial resolution) images. All images have been processed by 
geometric correction and atmospheric correction.  
Table 1: Landsat and SPOT-5 remote sensing image 
 Landsat5 TM Landsat7 ETM+ SPOT-5 
Spatial Resolution [m] 28.5 30 10 
Acquisition Time 1990.10-1990.12 1999.11-1999.12 2008.10-2009.1 
Methods. Water was classified as three different types of river, dike-pond and other water (including 
pond, reservoir, scattered water, etc.). The first step was to create different interpretation signs of water 
bodies in remote sensing images. For TM and SPOT images, we used false color composite image (TM 5, 
4, 3 band combine, SPOT 2, 3, SWIR band combine) to highlight features of water body and to facilitate 
identification of water body. Since absorption of sunlight is greater than reflection of it in water, and 
near-infrared band is the strong absorption region of water [4], the waters in the above false color 
composite image would display various dark colors darker or lighter, and have legible boundary to the 
land.  
Different water bodies have different spatial characteristics. River, dike-pond and other surface water 
in this research also show different spatial characteristics, which can be used to classify the water body 
further. Considering the regular degree of shapes, if shape index k is defined as [5]:  
P/A=k                                                                   (1) 
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Eq. 1: k is the shape index, A is the area, P is the perimeter; then shape index of round is the biggest (> 
0.25), followed by shape index of square (= 0.25). Generally, the more irregular the shape is, the smaller 
the shape index is. Therefore, the shape index of river is smaller than other surface waters including lakes. 
Classification process: first, we used the maximum likelihood method of supervised classification and 
visual interpretation to extract water body. Then, the extracted water body was converted in ArcGIS from 
raster to vector polygon, and the area, perimeter and shape index of each polygon were calculated into 
three types of river (k < 0.044), dike-pond (k  0.2) and other water (0.044  k < 0.2). Water Area map, 
River and Building map, Dike-pond and Building map of Pearl River Delta were obtained as follows (Fig. 
1 ~ Fig. 3): 
 
Fig. 1 Water areas in the PRD in 1990, 1999 and 2008 
 
Fig. 2 River and Built-up areas in the PRD in 1990, 1999 and 2008 
 
Fig. 3 Dike-pond and Built-up areas in the PRD in 1990, 1999 and 2008 
2173 LIAN Lian and CHEN Jianfei /  Procedia Environmental Sciences  10 ( 2011 )  2170 – 2175 
Results and Analysis 
Spatial-temporal Change of Water Area. The total area of PRD land is 41300 km2. Fig. 1 shows that 
the spatial distribution of water in PRD is uneven, and concentrates in the center of PRD. Table 2 and Fig. 
4 show the variation trend, quantity and rate of river, pond and other water areas, as well as their 
proportion of total PRD land. The total water area from 1990 to 1999 increases substantially from 
4693.1km2 to 5355.7km2, accounting for 11.36% and 12.97% of total Pearl River Delta land respectively, 
but decreases to 4636.2km2 from 1999 to 2008, accounting for 11.23% of total Pearl River Delta land.  
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Fig. 4 River, dike-pond and other water areas cartogram and their proportion of total PRD land 
Table 2: Area change and rate of river, dike-pond and other water 
Subtype 
of Water Area 
Area Change [km2] Change Rate [%] 
1990-1999 1999-2008 1990-1999 1999-2008 
River -231.7 -236.2 -13.46 -15.85 
Dike-pond 1068.6 -441.6 46.57 -13.13 
Other Water -174.3 -41.8 -25.76 -8.31 
Total Water Area 662.6 -719.5 14.12 -13.43 
River area is decreasing slowly year by year, falling from 1721.9km2 in 1990 to 1490.2km2 in 1999 and 
to 1253.9km2 in 2008, with a decline rate of 13.46% and 15.85% respectively. The river area proportion 
of total PRD land decreases year by year too, and is 4.17%, 3.61% and 3.04% respectively in 1990, 1999 
and 2008. 
As seen in Fig. 3, dike-pond in 1990 mainly concentrates in Shunde district, southern Nanhai district, 
northern Zhongshan city and other scattered places, with a total area of 2294.5km2, 5.56% of the total 
PRD land. In 1999, dike-pond area expands to the surrounding cities significantly, such as Sanshui, 
Zhaoqing, and the total area has increased to 3363.2km2, 8.14% of the total PRD land, representing a 
relative increase of 46.57%. In contrast, the dike-pond area in 2008 is 2921.6km2, 7.07% of the total PRD 
land, decreasing relatively by 13.13% compared with 1999, especially in the north of Shunde and 
Zhongshan. In general, the total area of PRD dike-pond increases from 1990 to 2008. 
The distribution of other surface waters is relatively dispersed. Total area decreases from 676.7km2 in 
1990 to 502.4km2 in 1999, with a decrease of 25.76%, and then decreases to 460.6km2 in 2008, with a 
decline of 8.31%. The other water area proportion of the total PRD land is 1.64%, 1.22% and 1.12% 
respectively in 1990, 1999 and 2008. 
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Cause for Water Area Change.  
The co-action of natural factors and human activities results in significant spatial variation of water areas, 
especially the regional economy development during the past three decades. 
From 1990 to 2008, total river area in research area decreases, mainly because of the fast development 
of industrialization and urbanization, when Guangdong becomes the testing ground of the reform and 
opening-up and economic open zone is established in the PRD, especially after the setup of socialistic 
market economic system in 1992. As shown in Fig. 2, constructions near the river increases rapidly, and 
some water areas are occupied by residential, industrial and other construction lands. Following the 
development of industrialization and urbanization, industrial and residential water consumption increases 
significantly, especially industrial water consumption with little awareness of economy. The increase of 
residential sewage and industrial wastewater discharge bring excess nutrients which pollutes the rivers, 
also causing water reduction. 
Dike-pond area in study area rises a lot from 1990 to 1999, mainly because dike-pond ecosystem has 
changed from a single mulberry-based fish pond to various transformation of sugarcane-based fish pond, 
vegetable-based fish pond, flower-based fish pond, etc. to benefit more, with the fast development of rural 
market economy and fish-breeding after reform and opening-up [6]. In some places, even farmland [7] 
and other water area are converted into pond, especially in Shunde district. However, after 1999, 
dike-pond area decreases, and some places “impolder pond into land” [8] for construction of towns, plants 
and roads, as a result of land shortage during industrialization and urbanization. As shown clearly in Fig. 
3, rapidly increasing building land occupies a considerable part of the dike-pond, and the change of land 
utilization mode is in progress. In the northern Shunde district and Zhongshan city, pond area falls 
significantly, because many dike-ponds are impoldered into land for industry development where 
township enterprises are growing fast. After 2002, as the income from fish-breeding increases following 
the prevalence of better breeding method, people become aware of the importance of the ecological 
environment, and eco-travel is developed [9]. Therefore, more attention has been paid to dike-pond. As a 
result, the reduction of dike-pond is restrained, and the total dike-pond area is more than that of 1990. 
The other water area declines slowly from 1990 to 2008. The reduced area is mainly converted into 
land for construction, and part of it is converted into dike-pond. Rapid increase of industrial and 
residential water consumption also result in reduction of water area. 
Conclusion 
In this study, we calculated the area information of river, dike-pond and other water areas by extracting 
water body information from PRD remote sensing images of 1990, 1999 and 2008. We summarized the 
spatial-temporal evolution characters of research area during the past 20 years by comparison, and 
concluded that the fast development of local economy and society is the primary cause of water area 
shrinking. Variations of water areas are expected to give rise to regional eco-environmental effects, which 
calls for future investigation. Studies on optimization of regional land use structure, especially the 
maintenance of unique ecological functions of water will be of great importance for rational use and 
allocation of land resource, leading to regional sustainable development. 
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